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TREATMENT OF OCULAR DISEASE BY MODULATION OF 
MATRIX METALLOPROTEINASES AND THEIR INHIBITOR 
Field of the Invention 
This invention relates to a method of treating ocular disease by modulating 
5 cellular secretion of a family of matrix metalloproteinases and their inhibitor. 
Specifically, differential stimulation of secretion of interstitial collagenase, 
gelatinase or type IV collagenase, stromelysin or proteoglycanase, and their tissue 
glycoprotein inhibitor is employed to treat open-angle glaucoma, retinal 
degeneration and detachment, ocular neovascularization and diabetic retinopathy. 
10 Background of the Invention 

Mammalian extracellular matrix (ECM) turnover is thought to be initiated by 
the secretion of several proteinases, which cause partial degradation of specific 
matrix components. Thereafter, the disrupted matrix components are taken up 
and degraded further within lysosomal vesicles. Interstitial collagenase, 
15 gelatinase or type IV collagenase, and stromelysin or proteoglycanase are 
members of a family of matrix metalloproteinases with sufficient diversity in 
substrate specificities to achieve this initial disruption. These metalloproteinases 
are active at neutral pH and are known to be secreted by a variety of different 
cell types. 

20 Interstitial collagenase (MMP-1), also called type I-II-III collagenase is an 

endopeptidase capable of cleaving each of the a-chains of the collagen triple helix 
at a Gly-Ile or Gly-Leu site located about one-fourth the distance from the 
carboxy-terminus. This produces thermally unstable soluble fragments about one- 
fourth and three-fourths the original size, which in turn are susceptible to 

25 degradation by gelatinases. Hasty et al., J. Biol. Chem. 262, 10048-10052 (1987) 
report immunologically distinct interstitial collagenases from fibroblasts and 
neutrophils. The latter has a higher catalytic rate toward Type I collagen, while 
the former is more active toward Type III collagen. Goldberg et al., J. BioL 
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Chem. 261, 6600-6605 (1986) report that there are two forms of interstitial 
collagenase produced by human skin fibroblasts — one, an unmodified 
procollagenase, Mr * 52 kDa, and the other, a glycosidated form, Mr * 57 
kDa. None of these interstitial collagenases appear capable of degrading Type IV 
5 or V collagen. 

Ocular tissues have been shown to secrete interstitial collagenase, and the 
secretion has been shown to be controlled by various extracellular factors. 
Johnson-Wint Proc. Natl. Acad. Sci. USA 77, 5331-5335 (1980) demonstrated that 
cornea stromal cell collagenase production is regulated by stimulators and 
10 inhibitors secreted by corneal epithelial cells. In an earlier report Johnson- Muller 
et al*, Pro. NatL Acad. Sci. USA 75, 4417-4421 (1978) described other soluble 
chemical and biological agents capable of stimulating macrophages to secrete 
collagenase. ; These include: neutral proteases, prostaglandins, bacterial 
endotoxins, colchicine, phorbol myristic acid, and cytochalasin B. Others (Berman 
15 et al., Exp. Eye Res. 22, 209-218 (1976)) have described regulation of collagenase 
activity in corneal tissue by cyclic-AMP. 

Gelatinase (MMP-2) or Type IV collagenase is a neutral metalloproteinase 
capable of hydrolyzing basement membrane type IV collagen into the 
characteristic 1/4 amino-terminal 3/4 carboxyl-terminal fragments. The protein 
20 is secreted by a variety of cells, for example fibroblasts and tumor cells, as a 70 
. kDa Type IV procollagenase* This latent proenzyme is converted to a 62 kDa Type 
IV collagenolytically active enzyme by the autocatylitic removal of an 80 residue 
peptide fragment from the amino terminus (Stetler-Stevenson et al., J. Biol. 
Chem. 264, 1353-1356 (1989). In addition to Type IV collagenolytic activity, 
25 gelatinase has been reported to have activity toward gelatin (degraded Type I, II 
and III collagen), Type V and Type VII collagen, fibronectin, and laminin. (See for 
example, Murphy et al., J. Biol. Chem. 199, 807-811 (1981)). This enzyme is known 
to be inhibited by EDTA and 1,10-phenanthroline, and to require Zn and/or Ca for 
its activity* Hibbs et al., J. Biol. Chem. 260, 2493-2500 (1985) has demonstrated 
30 the enzyme to be rapidly secreted from neutrophils stimulated with phorbol 
myristate acetate (TP A). 

Strojxielysin (MMP-3) is a neutral metalloendopeptidase secreted by various 
cell types. This enzyme has been reported to have a 55% homology with 
interstitial, collagenase. Chin et al., J. Biol. Chem. 260, 12367-12376 (1985) 
35 demonstrated that rabbit synovial fibroblasts induced by agents such as TP A, 
Cytochalasin B, and poly-(2-hydroxyethyl methacrylate) secrete prostromelysin, 
Mr = 51 kDa. This metal (Zn, Ca) dependent proteinase was activated by trypsin 
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and 4-aminophenolmercuric acetate (AMPA) to a Mr » 41 kDa form with activity 
toward casein, cartilage proteoglycans, c^-proteinase inhibitor, immunoglobulin 
G2a, fibronectin, laminin, and Type IV collagen. In addition to being inhibited by 
metal chelators such as EDTA and 1,10-phenanthroline, the enzyme is normally 
5 secreted from endothelial cells complexed with tissue inhibitor of 
metalloproteinases (TIMP), Herron et al., J, Biol. Chem. 261, 2810-2813 (1986). 
The complete sequence of human skin fibroblast stromelysin has been determined 
by Wilhelm, et ah, Proc. Natl. Acad. Sci. USA 84, 6725-6729 (1987). These 
authors demonstrated great homology between human stromelysin and rat transin, 
10 an oncogene transformation-induced protein. The induction of transin 
transcription by various oncogenes and epidermal growth factor (EGF) was 
described by Matrisian et al., Mol. Cell. Biol. 6, (1986). Other transforming 
factors shown to induce stromelysin in human fibroblasts include tumorgenic 
agents such as u.v. light, mitomycin-c, and interleukin-1 (IL-1). Whitham, et al., 

15 J. Biol. Chem. 240, 913-916 (1986). 

The members of the foregoing family of matrix metalloproteinases share 
many structural and functional similarities, including inhibition by an endogenous 
inhibitor, tissue inhibitor of metalloproteinase (TIMP). TIMP from human 
amniotic fluid and cultured fetal lung fibroblasts has been sequenced, and was 

20 reported to be immunologically identical to a variety of forms of the protein 
found in other tissues or body fluids, these inhibitors range in size from 
Mr * 20-28 kDa. It appears that a variety of cells coordinate synthesis of MMP- 
1, MMP-2 and MMA-3 with their specific inhibitor TIMP in vivo (Herron et al., J. 
Biol. Chem. 261, 2814-2818 (1986)). 

25 A variety of agents are known to stimulate secretion of both MMPs and 

TIMP from various cells; however, few are known to do so differentially. One 
exception, reported by Duncan et al., Biochemical Pharmacology 32, 3853-3858 
(1983) is Razoxane, which inhibited collagenase production and stimulated TIMP 
production. 

30 The existence of these metalloproteinases and their inhibitor in ocular 

tissue, other than cornea and sclera, has not been demonstrated. Furthermore, 
the relationship of these secreted proteins to ocular disease, especially glaucoma 
and retinal disease, has not been ascertained. 

Summary of the Invention 

35 A method of treating open-angle glaucoma is provided. The method 

comprises providing to the trabecular meshwork, by site specific delivery means, 
an extracellular matrix metalloproteinase/tissue inhibitor (MMP/TIMP) ratio 
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modulating substance in an effective amount to reduce intraocular pressure. The 
modulating substance is capable of increasing the MMP/TIMP ratio, and the 
preferred method of delivery is by microinjection. The site of delivery is to the 
trabecular raeshwork or tissue in direct fluid communication therewith (i.e., the 
5 aqueous humor). Preferred modulating substances include MMP-1, MMP-2, MMP-3 
per se, basic or acidic heparin-binding growth factor, nerve growth factor, 
Interleukin-1, Interleukin-6, 12-Otetradecanolphorbol 13-acetate (TP A), Ca ion, 
Zn ion, plasmin, trypsin, 4-aminophenolmercuric acetate (APMA) and 
combinations thereof. Most preferred modulating substances include matrix 
10 metalloproteinases (collagenase, gelatinase, stromelysin, and transin) pro-matrix 
raetalloproteinases (procollagenase, progelatinase, prostromelysin, and protransin) 
and collagenolyticaliy active fragments thereof. 

The invention also provides a method of treating retinal disease, specifically 
retinal .degeneration or detachment, diabetic retinopathy and ocular- 
1 5 neovascularization. The method comprises providing to the optic cup (retina, and 
retinal pigmented epithelium) or tissue in direct fluid communication therewith 
(e.g., choroid, posterior vitreous), by site specific delivery means (e.g., 
microinjection), an extracellular matrix metalloproteinase/tissue inhibitor 
(MMP/TIMP) ratio modulating substance in an effective amount to ameliorate the 
20 retinal disease. 

In this embodiment of the invention, it is preferred that the modulating 
substance decrease the MMP/TIMP ratio, and be selected from the group; TIMP 
(iiatural or, recombinant) retinoic acid, Razoxane, Dexamethasone, EDTA, EGTA, 
1,10-phenanthroline, and combinations thereof. 
25 Detailed Description of the Invention 

It has been discovered that certain ocular diseases can be treated by 
providing to the diseased tissue, or tissue in fluid communication therewith, a 
matrix metalloproteinase/tissue inhibitor (MMP/TIMP) ratio modulating 
substance. The MMP/TIMP ratio modulating substance is selected to adjust the 
30 MMP/TIMP ratio in a particular direction depending on the ocular disease to be 
treated. It has been found that by increasing the MMP/TIMP ratio in the 
trabecular meshwork, intraocular pressure can be reduced, ameliorating the 
symptoms of open-angle glaucoma. Conversely, decreasing the MMP/TIMP ratio 
in the retina is effective in treating retinal degeneration or detachment, and 
35 diabetic retinopathy and the attendant ocular neovascularization. Accordingly, 
since the direction of modulation will be different depending on the ocular 
disease, it is important to provide or direct the selected MMP/TIMP ratio 
modulating substance directly to the diseased tissue instead of systemically. 
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Glaucoma and Intraocular Pressure 
The intraocular pressure in the normal human aqueous and vitreous is about 
15 to 16 mmHg, with a diurnal variation of about 5 mmHg or more. Many people 
have intraocular pressures greater than the accepted safe range, but without 
5 significant angle closure or optic cup changes which would contra-indicate 
therapeutic intervention. At higher pressures, i.e., 25-40 mmHg, the risk of vision 
loss makes treatment an over-riding necessity regardless of anatomical 
considerations. Consequently, there are certain intraocular pressures either alone 
or in combination with angle closure which would indicate treatment to avoid 
1 0 visual loss. Since neither the pathological or target intraocular pressure can be 
determined with precision, due to individual variations in sensitivity, initiation and 
cessation of treatment or therapy in accordance with the present invention is 
carried out at the discretion of the opthamologist. 

Three basic causes of increased intraocular pressure are: (1) stenosis or 
15 blockage of the aqueous outflow channels through the trabecular meshwork and 
canal of Schlemm; (2) increased venous pressure in the head region, causing 
secondary ocular hypertension; and, (3) increased production of aqueous in the 
ciliary processes. The incidence of (1), where no clear anatomical variance is 
detectable is much higher than (2) or (3) and therefore, is of primary interest. 

20 Various prior art treatments have been directed at (2) and (3) above. The instant 
invention is directed at alleviating blockage or clogging of the trabecular 
meshwork by increasing the rate of remodeling and repair of the extracellular 
trabecular matrix. It has been discovered that the rate of remodeling and repair 
is controlled by the trabecular cells, and that these cells exert their control by 

25 secreting a family of matrix metalloproteinases including MMP-1, MMP-2, MMP- 
3, and transin, as well as their glycoprotein tissue inhibitor, TIMP. 

Briefly, it has been discovered that human trabecular explants and human 
and fetal calf trabecular cells in culture secrete four major gelatinases at 
approximate Mr = 110, 67, 60, and 224 kDa, in order from highest to lowest 

30 activity toward their substrate, gelatin. Minor gelatinases are observed in SDS- 
PAGE gels at 170, 215, 92, 47, and 270 kDa. Caseinases of approximate Mr = 67, 
61, 110, and 73 kDa are also secreted in order from highest to lowest activity. 
Treatment with the mitogen TP A dramatically increases the secretion of 
trabecular gelatinase at 110 kDa and 67 kDa, and significantly increases secretion 

35 of the 60 kDa and 224 kDa gelatinases. The above enumerated trabecular 
caseinases were also observed to increase with TP A treatment. In contrast, TPA 
treatment of corneal endothelial cells increases gelatinase secretion only slightly, 
if at all, and has no effect on the secretion of scleral gelatinases. 
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Fifteen samples of aqueous humor were analyzed similarly for the presence 
of MMPs. All samples contained from two to five gelatinases and one or two 
caseinases. The major gelatinase was at 67k and the major caseinase was at 86k. 
Minor gelatinases were seen consistently at 185k and occasionally at 53k and 
5 >300k; a minor caseinase was observed at 69k. Aqueous from two aphakic donors 
contained a gelatinase of 110k. Aqueous MMPs in normal and inflamed human or 
cat eyes were not different. 

From these and other studies it was found that it is the MMP/TIMP ratio 
that determines the rate of remodeling and repair. Substances which increase the 

10 MMP/TIMP -ratio increase the rate of remodeling, while substances which decrease 
the ratio decrease the rate of remodeling. It has also been found that increasing 
the remodeling rate increases the aqueous humor outflow rate which, in turn, 
lowers the intraocular pressure. It is thought that, as the trabecular extracellular 
matrix is degraded and removed, cellular debris and other blocking agents are 

1 5 concomitantly removed. Additionally, it is believed that by increasing the rate of 
degradation **of the matrix of those components of the matrix which are more 
slowly synthesized, i.e., the glycosaminoglycans, particularly in the narrow regions 
of the meshwork such as the juxtacanalicum, improved aqueous outflow is 
achieved. " 

20 A variety of substances have been identified which are effective in 

increasing the MMP/TIMP ratio and therefore increasing the remodeling rate of 
the trabecular meshwork. 

Increasing the rate of synthesis and secretion of the pro-MMPs intrabercular 
cells with growth factors such as; basic heparin-binding growth factor, nerve 

25 growth factor (NGF), and epidermal growth factor (EGF) has been found to 
differentially increase MMP secretion over TIMP. Similarly, tumor promoters 
such as the mitogen TP A (Sigma) and mitomycin-c (Sigma) and cytokines such as 
Interleukin-1 (IL-1) and Interleukin-6 (IL-6) (both from R&D Systems) are 
effective in increasing the rate of synthesis of MMPs in human corneoscleral 

30 explants. EGF and NGF are obtained from Boehringer-Mannheim. 

Acthratiorr or conversion of pro-MMPs to their active form is an alternative 
way of effectively increasing the MMP/TIMP ratio. Activators such as plasmin, 
trypsin, and APMA can be used either in vivo or in vitro to convert pro-MMPs to 
their active form. Ca** and Zn" 1 "* can also be added to fully activate either the 

35 pro or core metalloproteinase. The term "Pro-MMPs" as used herein is used to 
mean procollagenase, progelatinase, prostromelysin, protransin, and other 
members of the metalloproteinases secreted by trabecular cells. Plasmin 



BNSDOCID: <WO 901259QA1 J_> 



WO 90/12590 



PCT/US90/01996 



-7- 

(fibrolysin) trypsin and APMA used in conjunction with the instant invention are 
commercially available (e.g., Sigma- Aldrich). 

Alternatively, the MMP/TIMP ratio can be increased by simply adding 
exogenous MMPs, pro-MMPs or collagenolytically active fragments thereof 
5 directly to the anterior aqueous chamber or trabecular meshwork. Either natural 
or recombinant MMPs or pro-MMPs, either singly or in combination, can be 
added. It is preferred that when pro-MMPs are added they are preceded or 
succeeded with an activator (e.g., trypsin) as described above. 

The MMP/TIMP ratio modulating substances used in conjunction with the 
10 instant invention can be obtained from commercial sources or prepared by 
procedures set forth in the scientific literature. For example, collagenase is 
available from commercial sources (e.g., Sigma) or can be prepared from skin 
fibroblasts (ATCC CRL-1224) as described by Stricklin et al., Biochemistry 22, 61- 
68 (1983) or from neutrophils as described by Hasty et al. J. Biol, Chem. 262, 

15 10048-10052 (1987). Gelatinase is also available from commercial sources (e.g., 
Sigma or Worthington Biochemicals) or can be prepared as described by Stetler- 
Stevenson et al. J, Biol. Chem. 264, 1353-1356 (1989), Murphy et al., Biochem J. 
199, 807-811 (1981), Collier et al., J. Biol. Chem. 263, 6579-6587 (1988), or 
Hibbs et al. J. Biol. Chem. 260, 2493-2500 (1985). Stromelysin is prepared from 

20 synovial fibroblasts as described by Okada et al. J. Biol. Chem. 261, 14245-14255 
(1986) or from skin fibroblasts as described by Whitham et al., Biochem. J. 240, 
913-916 (1986). These references are herein incorporated by reference. 
Alternatively, any or all can be prepared in recombinant form, by expressing 
cDNA's or RNAs in microbial, mammalian, or in vitro systems (see for example 

25 ICN, Promega, or Stratagene systems and kits). 

Any of the above described MMP/TIMP ratio modulating substances can be 
employed separately or in combination with one another or with other traditional 
therapies including laser trabeculoplasty (LTP). 

In examining the effects of various growth factors in combination with LTP 

30 it was found that LTP alone on human corneoscleral organ culture explants causes 
the release of a factor that induces trabecular cell division at sites remote from 
the actual burn region. Human corneoscleral organ culture explants used in these 
studies were prepared and maintained as previously described; Acott et al. Invest. 
Ophthalmol. Vis. Sci. 26, 1320-1329 (1985) and Acott et al. Invest Ophthalmol. Vis. 

35 Sci. 29, 90-100 (1988) both incorporated herein by reference. Using 
oligonucleotide and cDNA probes to measure changes in the levels of mRNAs for 
MMPs it has been discovered that these mRNA levels increase to a maximum by 
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about 8 hours and decline to baseline levels by 24 hours post LTP. Media removed 
from LTP-treated explants, after being conditioned for 8 hours, produced the 
same temporal, changes in these mRNA levels when it was applied to untreated 
explants. Therefore, a media-borne signal is released by LTP-treatment which 
5 mediates trabecular responses. Passage of the media through a heparin-Sepharose 
(Pharmacia) column before adding it to the untreated explants, eliminates their 8 
hour response, suggesting that it may be due at least in part to a basic heparin- 
binding growth factor. 

The MMP/TIMP ratio modulating substances used to treat open-angle 

10 glaucoma are delivered directly to the trabecular meshwork or tissue in fluid 
communicatipn therewith instead of systemically. This is desirable because the 
coUagenaJjtic activity caused by increasing the MMP/TIMP at the "wrong site" 
could lead to undesirable matrix degradation causing neovascularization and 
retinal degradation as described below. Accordingly, MMP/TIMP ratio modulating 

15 substances are, normally delivered directly to the trabecular meshwork or the 
anterior aqueous chamber. By way of example, this delivery can be accomplished 
with topical solutions (eye drops) added directly or in conjunction with a 
transdermal carrier. Alternatively, these ratio modulating substances can be 
delivered directly by microinjection or equivalent means. 

20 In art alternative embodiment, these substances can be delivered conjugated 

to polyclonal antibodies (see, for example, Stricklin et al. Biochemistry 17, 2331- 
2337 (1978)) monoclonal antibodies (e.g., mouse monoclonal antibodies to human 
EGF receptors commercially available from Oncogene Science) or biologically 
active fragments thereof* These ratio modulating substances are conjugated to 

25 antibodies with homo- or heterobifunctional linking agents commercially available 
from, for example, Pierce (see 1988 Handbook and General Catalog). 
Additionally, these ratio modulating substances may be linked through a linkage 
susceptible to cleavage by, for example, Proteinases, esterases, reducing agents, 
e^g., N-Succinimidyl 3-(2-pyridyldithio)propionate, or light. 

30 Retinal Degradation 

As previously described, retinal disease, including diabetic retinopathy, 
ocular neovascularization, and retinal degradation or detachment is treated 
according to the present invention by providing to the optic cup (i.e. retina or 
retinal pigmented epithelium (RPE)) or tissue in direct fluid communication 

35 therewith ? (e»g., choroid or posterior vitreous humor) a MMP/TIMP ratio 
modulating substance in an effective amount to ameliorate the retinal disease. As 
set forth in greater detail in Example I below, it has been discovered that RPE 
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cells secrete both MMPs and TIMP. Briefly, several proteinases have been 
identified, by SDS-PAGE, that are secreted by retinal pigmented epithelial (RPE) 
cells in culture. Three gelatinases predominate with approximate Mr * 67k, 110k, 
and 59k in order from highest to lowest activity. Two bands at 40k and 45k are 
5 also present in lower activities and in some but not all cell lines a pair of bands 
can be seen at 185k and 200k. Three caseinases with approximate Mr * 76k, 53k, 
and 130k are detected, listed from highest to lowest activities. Prolonged 
pretreatment produces additional bands that appear to be degradation products of 
the larger bands. 

10 Under reducing conditions, immunoblots of western transfers show three 

collagenases at Mr » 67k, 59k, and >280k, two gelatinases at Mr ~ 67k and 224k 
and TIMP at Mr = 35k and 170k. In tube assays for the MMPs, low activity 
suggests that TIMPs are secreted at ratios which regulate these enzymes 
activities. 

15 Treatment of RPE cultures with the mitogen TPA induces unequal increases 

in the secretion of gelatinases with Mr » 67k, 110k, 45k, 40k and to a much lesser 
extent the 59k band. The 200k and 185k bands are not affected. Secretion of 
130k and 53k caseinases is also increased dramatically by TPA but the 76k band is 
not. These matrix metalloproteinases and their TIMPs play an important role in 

20 the function and pathology of the RPE. It has further been discovered that by 
decreasing the MMP/TIMP ratio, i.e., increasing the amount of TIMP relative to 
MMP, ocular diseases such as those described above can be effectively treated. 

A number of substances have been identified which are effective in 
ameliorating these retinal diseases. Those substances include chelators such as 

25 Razoxane, Dexamethasone, EDTA, EGTA, and 1,10-phenanthroline. Alternatively, 
retinoic acid has been found to be suitable for use in accordance with the present 
invention. In an alternative embodiment, the MMP/TIMP ratio is decreased by 
adding exogenous TIMP either isolated from natural sources (Reynolds et al. 
Research Monographs in Cell and Tissue Physiology 6, 205-213, Dingle and Gordon 

30 Eds. Elsevier/North-Holland Biomedical Press New York (1981)) or prepared by 
recombinant techniques; Docherty et al. Nature 318, 66-69 (1985). 

As described above for the treatment of glaucoma, it is necessary to deliver 
the MMP/TIMP ratio modulating substance directly to the retina or tissue in fluid 
communication therewith to avoid inducing or exacerbating other ocular diseases 

35 such as ocular hypertension at other sites in the eye. Accordingly, substances 
capable of reducing the MMP/TIMP ratio in the retina are provided by site 
specific means such as microinjection to the choroid, RPE, or posterior vitreous. 



BNSDOCID: <WO 901259QA1J_> 



WO 90/12590 



-10- 



PCT/US90/01996 



Alternatively, as discussed above, these ratio lowering substances can be delivered 
conjugated to polyclonal or monoclonal antibodies or fragments thereof. 

The following examples are included to assist one of ordinary skill in making 
and using the invention. They are intended as representative examples only and 
5 are not intended in any way to limit the scope of this disclosure or the scope of 
protection granted by Letters Patent hereon. 

The abbreviations used in the accompanying examples are: EGF, epidermal 
growth factor; RPE, retitial pigment epithelium; TIMP, tissue inhibitor of 
metalloproteinases; ECM, extracellular matrix; MMP, matrix metalloproteinase; 

1 0 TPA, 12-0-tetradecanoylphorbol-13-acetate; PMSF, phenylmethylsulfonyl 
fluoride; KLH, keyhole limpet hemocyanin; EDC, l-ethyl-3(3- 
dimethylaminoprc$>yl)carbodiimide, APMA, p-aminophenylmercuric acetate; 
EDTA, ethylenediaminetetraacetic acid; EGTA, ethylene-bis- 
(oxyethylenenitro)tetraacetic acid. 

15 Example I 

MMP and TIMP in the Retina 
Retina pigment epithelial (RPE) cells, sandwiched between the choroidal 
blood supply and the neural retina, supply the rods and cones with nutrients and 
retinol for the visual cycle and remove wastes and the photodamaged membranes 

20 shed periodically by these cells. The RPE is responsible for the synthesis and 
maintenance of portions of the five layers of Bruch's membrane, found at its basal 
surface on the choroidal side, and much of the interphotoreceptor matrix, found at 
its apical surface on the photoreceptor side. The regulation of RPE cellular 
functions is not well understood; the manner of interactive signaling between RPE 

25 and adjacent cells and of RPE control of its extracellular matricies is even less 
certain. 

Because of the pivotal role of the RPE and its extracellular matricies in 
supporting the visaal process and the proported complicity of RPE defects in a 
variety of retinal pathologies, evaluation of the secretion and mRNA levels of 
30 - these matrix metalloproteinases and TIMP by cultured human RPE cells was 
undertaken. In addition, we investigated the regulation of these enzymes and 
their inhibitor by TPA and EGF and identified the EGF receptor, but not EGF, as a 
product of RPE cells in culture. 
- ! Cell culture and treatment methods 

35 Human eyes, from donors, which were free from ocular or complicating 

diseases, were obtained from the Oregon Lion's Eye Bank (Portland, OR). RPE 
cells were cultured as previously described (49), maintained at 37°C in an 
humidified 92.5% air: 
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7.5% carbon dioxide atmosphere using Dulbecco's modified Eagle media (DMEM), 
supplemented with 1000 units penicillin, 100 yg fungisone per ml media, and 10% 
fetal calf serum (all from GIBCO) and used at low passage numbers, generally 
five. Prior to the initiation of experiments, cells at dense confluence were 
5 maintained serum-free with 0.2 mg/ml lactalbumin hydrolysate (OKa, et aL, Exp. 
Cell Res* 154, 537-547 (1984)) for 48 hours. Where indicated, cultures were 
exposed to TP A (Sigma) at 100 ng/ml, EGF (source) at 50 ng/ml or vehicle. 
Human fetal lung fibroblast, IMR-90 (50; American Type Tissue Collection, 
#CCL186), maintained and used similarly, were also used as indicated. 
10 SDS-PAGE and substrate Bfels 

SDS-PAGE was conducted with or without sample reduction (1% beta- 
mercaptoethanol). To evaluate proteinase activities, SDS-PAGE substrate gels 
were polymerized after addition of 0.1% gelatin or 0.1% casein (Sigma) and 
samples were not reduced or boiled prior to electrophoresis. After 
15 electrophoresis, SDS was removed from substrate gels by incubation for 30 min 
with 2.5% Triton X-100 (Bio-Rad) at 37°C and proteinase reactions were carried 
out for 18 hours at 37°C in buffer containing 150 mM NaCl, 50 mM Tris (pH 8), 10 
mM CaCl 2 and 1 vM ZnCl 2 with gentle shaking. Gels were then stained with 
coomassie blue, destained, dried and photographed. Prestained and unstained 
20 molecular weight marker kits (BRL, Bio-Rad or Sigma) were used to estimate the 
Mr of protein bands. 

In the inhibitor studies, PMSF (Boehringer Mannheim) was incubated at ImM 
with the samples prior to electrophoresis and during activity incubations. Metal 
chelators (10 mM, Sigma) including: 1,10-phenylanthroline, EDTA and EGTA, 

25 were included in the SDS/Triton exchange and the proteinase activity incubation 
buffers. Gels were then processed as detailed above. 
Peptides and Antibodies 

Fif teen-mer peptides, chosen from regions of human stromelysin, interstitial 
collagenase, type IV collagenase and TIMP that had minimal sequence homology to 

30 each other and to other sequenced proteins, were synthesized and purified by 
reverse-phase HPLC on a C-18 column or by Multiple Peptide Systems. The 
peptides were then conjugated to keyhole limpet hemocyanin (Sigma) using 1- 
ethyl-3(3-dimethylaminopropyl) carbodiimide (Pierce). Polyclonal anti-peptide 
antibodies were produced in rabbits using MPL/TDM adjuvant (RIBI immunochem) 

35 according to the manufacturer's instructions. The antiserum was tested by ELISA 
using the KLH-conjugated peptides and by immunoblots of Western transfers from 
SDS-PAGE gels as described below. Antisera was purified using DEAE-Affi-gel 
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Blue columns (Bio-Rad) and affinity columns with peptide-KLH conjugated coupled 
to Affi-gel 10 (Bio-Rad) according to the manufacturer's instructions. Polyclonal 
rabbit antibodies to human skin fibroblast collagenase and TIMP were obtained 
from local sources and a rabbit polyclonal antibody to human neutrophil gelatinase 
5 was produced as described by Hibbs et al., J. Biol. Chem. 260, 2493-2500 (1985). 
Mouse monoclonal antibodies to human EGF and EGF receptor were purchased 
from Oncogene Science. 
Immunoblots of Western transfers 

After traditional SDS-PAGE under reducing conditions, proteins were 
10 transferred electrophoreticaUy to nitrocellulose .sheets and probed by 
immunoblot. Second antibody (goat anti-rabbit IgG or horse anti-mouse IgG from 
Vector) conjugated to alkaline phosphatase was used and blots were developed 
with the 5-bromo-4-cnloro-3-indolyl phosphate / nitroblue tetrazolium substrate 
system (Kirkegaard & Perry or Sigma) as recommended by the manufacturers. In 
15 other studies, the conjugate enzyme was horseradish peroxidase (TAGO) and the 
substrate was 3,3'-diaminobenzidine tetrahydrochloride (Sigma), also used 
according 4x> the manufacturer's instructions. 
Northern analysis, dot blots and probes 

Stromelysin, type IV collagenase and interstitial collagenase cDNAs were 
20 obtained from commercial sources. The cDNAs were amplified in E. coli . Probes 
were retrieved by consecutive restriction cleavage with Bam II and Eco RI, 
purified on agarose. Radiolabeling of cDNAs was with 32 P-dCTP (NEN/Dupont). 
Oligonucleotide probes were synthesized by standard techniques and purified by 
SDS-PAGE. Radiolabling of oligonucleotides was with 32 P-dCTP (NEN/Dupont) 
25^using terminal transferase (NEN/Dupont). Northern analysis (Maniatis, et al., 
Molecular Cloning; A Laboratory Manual Cold Springs Harbor, NY (1982)) was 
conducted in 1% agarose with transfer to Hybond (Amersham) prior to 
hybridization with radiolabeled cDNA or oligonucleotide probes followed by 
, increasing stringency washes (Davis, et al., Basic Methods in Molecular Biology . 
30 Elsevier, NY (1986)). Autoradiography was conducted using X-Omat AR5 film 
(Kodak). A X phase restriction ladder was run in parallel lanes for apparent Mr 
determinations. Samples were extracted from confluent control or treated cells. 
Dot blots using total cellular RNA, which was extracted with NP-40 (Davis, et al., 
see above) and protein degraded with proteinase K (IBI) or mRNA purified with 
35 Oligo dT columns o were applied to nitrocellulose and hybridized with probes, 
washed and autoradiographed as discussed above. The DNA content of each test 
extract was determined and RNA from an equivalent number of cells was then 
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applied to each dot blot, to normalize for possible induction of cell division by 

treatments. 

RESULTS 

Basal and TPA-stimulated proteinases activities 
5 The medium from serum-free RPE or IMR-90 cells contains a major 

gelatinase activity with Mr » 67k and caseinase activities with the major activity 
at Mr = 49k, as determined using substrate SDS-PAGE. Incubation with TP A 
increases the activity observed at these Mr values for both enzymes and in both 
cell lines; TP A also induces another gelatinase activity at Mr * 92k in media 
10 from RPE but not in media from IMR-90 cells. IMR-90 and RPE cells both secrete 
additional gelatinase activity at Mr * 67k and caseinase activities with apparent 
Mr « 55k, 52k, and 44k, which appear to be degradation and glycosylation 
variants. 

The effects of proteinase inhibitors on these activies in substrate gels allows 
15 the identification of all of these activities as metalloproteinases. Trypsin, a 
serine proteinases added as a control , is inhibited by PMSF, but the gelatinase and 
caseinase activities are not affected. However, treatment with the metal 
chelators EDTA, EGTA or 1,10-phenylanthroline completely eliminates secreted 
RPE cell proteinase but not trypsin activities. Treatment with reducing agents 
20 prior to electrophoresis eliminates secreted proteinase activity as detected with 
either of the substrates. 

Immunologic identification of proteinases and TIMP(s) 

When Western transfers of reducing SDS-PAGE separations of RPE culture 
media are immunoblotted with specific polyclonal antibodies, collagenase, 
25 gelatinase, stromelysin and TIMP are immunolabeled. Collagenase, gelatinase, 
stromelysin and TIMP (25k) are observed. TPA-treatment increases the levels of 
the proteinases and induces new bands, including TIMP at 49k and TIMP levels are 
decreased. 

Northern analysis of MMP and TIMP mRNAs 

30 When RNA, extracted from RPE cells after treatment for 8 hours without or 

with TP A, is electrophoresed and subjected to Northern analysis, individual 
transcrips of typical sizes are identifiable. The interstitial collagenase cDNA 
hybridizes with a single transcript at " 2.5 kb, type IV collagenase with one at 
' 3.1 kb, stromelysin with one at - 2.2 kb and the TIMP oligonucleotide probe 

35 hybridizes with one at " 0.9 kb. Similar hybridization is observed with 
oligonucleotide probes for the metalloproteinases. TPA causes increases in the 
MMP mRNA levels while decreasing the TIMP mRNA level. The cyclophilin levels 
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are not changed relative to the cellular DNA content, indicating that it may serve 
as an unstimulated control. 
Effects of EGF on mRNA levels 

RNA, extracted from RPE cells at various times after treatment without or 
5 with EGF, was treated with proteinase K in the presence of RNase inhibitors and 
dot blotted onto nitrocellulose. Hybridization with MMP and TIMP probes 
followed by higher stringency washes and autoradiography, provides temporal 
information on the individual mRNA levels. All three MMPs show increased 
transcripts, 

10 Effects of EGF on secretion of MMPs and TIMP 

Similar studies with EGF and NGF in which culture media was removed and 
analyzed by substrate SDS-PAGE and by immunoblots of Western transfers, show a 
similar temporal profile for the MMPs and TIMP, although secretion lags behind 
mRNA level changes. 
1 ^ EGF and EGF receptor antibody studies 

Immunohistochemical staining with antibodies to EGF and the EGF receptor 
show that .RPE cells contain high levels of EGF receptor but no detectable EGF. 
IMR-90 fibroblasts' show very light staining for EGF receptor. Western transfers 
of media and NP-40 extracts of RPE cells show no detectable EGF staining but 
20 strong EGF receptor staining at Mr * 180k and some smaller degradation products 
are observed. IMR-90 extracts show less, but detectable EGF receptor. At 
confluence, RPE cells show reduced levels of EGF receptor. Exposure to EGF also 
reduces receptor levels while TP A has minimal effects. 
EGF and EgF receptor mRNAs and down-regulation 
25 Northern and dot blot analysis of RPE cellular RNA show that RPE cells 

contain significant levels of EGF receptor but not EGF transcripts. Treatment 
with EGF clearly reduces EGF receptor mRNA levels with minimal levels 
occurring by -24 hours. TP A actually increases receptor transcript levels 
slightly and no decrease is observed. 
30 DISCUSSION 

Cultured human RPE cells secrete interstitial collagenase, type IV 
collagenase, stromelysin, TIMP (25k) and an inducable gelatinase (92k). The 
combination of methods and probes used and their specific characteristics makes 
the identification of these proteins relatively certain. Very similar results have 
35 been obtained with human and bovine trabecular meshwork cells and explants in 
culture. .Their characteristics, including particularly their Mr values and 
sequence-specific probe cross-reactivities, suggests that they are all similar or 



BNSOOCID: <WO 901259QA1 J_> 



WO 90/12590 



-15- 



PCT/US90/01996 



10 



15 



even identical to those expressed by several other cell types. The human fetalung 
fibroblasts secrete mostly the same forms. The additional forms, mostly 
apparently due to degradation, glycosylation differences or cleavage-activation, 
are similar to what is seen with other tissues. 

The absence of other proteinase activities in the substrate gels does not 
eliminate the possibility that other proteinase are present in the media from RPE 
cultures. The assay conditions that were used show bias against less robust 
proteinases or those with different substrate specificities. 

The mRNAs for the MMPs and TIMP that have been sequenced contain open 
reading frames for preproenzymes of " 54, 78, and 54kD, for interstitial 
collagenase, type IV collagenase and stromelysin, respectively. The TIMP " 0.9kb 
mRNA has an open reading frame for a preprotein of 23kD and runs on SDS-PAGE 
with an approximate Mr = 28k. 

Example II 
Reducing Intraocular Pressure 
Interstitial collagenase is isolated and activated with trypsin, as described by 
Stricklin et al., Biochemistry 22, 61-68 (1983). Stromelysin is prepared and trypsin 
activated from TP A stimulated rabbit brain capillary endothelial cells, essentially 
as described by Herron et al., J. Biol. Chem. 261, 2810-2813 (1986). A solution of 
18 yg/ml each of collagenase and stromelysin in 1mm Ca ++ and 0.5 mm Zn ++ is 
prepared. Male rabbit intraocular pressure is measured for 5 consecutive days by 
the procedure of Brubaker, et al., Invest. Ophthalmol. Vis. Sci. 27, 1331-1335 
(1986), and an average value is established. 25 ul of the above described 
MMP/Ca ++ /Zn ++ solution is injected with a micro syringe into the anterior 
25 aqueous chamber. Intraocular pressure is measured for 5 consecutive days, post 
injection, and averaged. Gonloscopic analysis for inflamation is also conducted. 
Both techniques indicate reduced intraocular pressure. 

Example III 
Treating Retinal Degeneration 
TIMP is prepared from pig synovial cultures by the method of Cawston et al., 
Bio. Chem. J. 195, 159-165 (1981). The pure protein has a Mr=28 kDa based on 
SDS-PAGE. Rabbits having experimentally induced retinal degeneration are 
administered, by microinjection, 10 yl of a 30 yg/ml buffered solution of TIMP. 
The TIMP solution is injected directly into the posterior vitreous each day for 3 
days. Retinal degeneration by comparison to controls as measured by light and 
electron microscopic analysis are conducted at various times post injection. 
Retinal degeneration is improved in the TIMP injected animals. 



20 



30 



35 



BNSDOCID: <WO 90125©0A1_L> 



WO 90/12590 



-16- 



PCT/US90/01996 



The invention thereby provides medicaments in the form of topical or 
injectable solutions containing the subject MMP/TIMP ratio-modulating 
substance(s), in containers associated with printed instructions for administering 
the solutions as described herein for treating ocular disease. For example, 

5 eyedrops or microinjeetable solutions containing a modulating substance that 
increases the MMP/TIMP ratio are provided with printed instructions for treating 
open-angle glaucoma by site-specific delivery of the solution to the trabecular 
meshwork. As another example, an injectable solution containing a modulating 
substance that decreases the MMP/TIMP ratio is provided with instructions for 

10 treating retinal disease by site-specific delivery of the solution to the optic cup or 
tissue in direct fluid communication therewith. In either case, the modulating 
substance may be*fn the form of an immunoconjugate. 
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The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

1. A method for treating open-angle glaucoma, comprising: 

providing to the trabecular meshwork or tissue in direct fluid 
communication therewith, by site specific delivery means, an extracellular matrix 
metalloproteinase/tissue inhibitor (MMP/TIMP) ratio modulating substance in an 
5 effective amount to reduce intraocular pressure. 

2. The method of Claim 1, wherein the modulating substance increases 
the MMP/TIMP ratio secreted into the trabecular extracellular matrix. 

3. The method of Claim 2, wherein the site specific delivery means 
comprises microinjection. 

4. The method of Claim 2, wherein the modulating substance is selected 
from the group consisting of MMP-1, MMP-2, MMP-3, basic heparin-binding 
growth factor, nerve growth factor, Interleukin-1, Interleukin-6, 12-0- 
tetradecanolphorbol 13-acetate, calcium ion, zinc ion, plasmin, trypsin, 4- 

5 aminophenolmercuric acetate, and combinations thereof. 

5. The method of Claim 2, wherein the modulating substance is a matrix 
metalloproteinase, pro-matrix metalloproteinase, or collagenolytically active 
fragments thereof. 

6. A method for treating the retinal diseases ocular neovascularization, 
diabetic retinopathy and retinal degeneration, comprising: 

providing to the optic cup or tissue in direct fluid communication 
therewith, by site specific delivery means, an extracellular matrix 
5 metalloproteinase/tissue inhibitor (MMP/TIMP) ratio modulating substance in an 
effective amount to ameliorate the retinal disease. 

7. The method of Claim 6, wherein the modulating substance decreases 
the MMP/TIMP ratio secreted into the retinal extracellular matrix. 

8. The method of Claim 7, wherein the site specific delivery means 
comprises microinjection. 
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9. The method of Claim 7, wherein the modulating substance is selected 
from the group consisting of TIMP, retinoic acid, Razoxane, EDTA, EGTA, 1,10- 
phenanthroline and combinations thereof. 

10. A method for increasing the secretion of matrix metalloproteinases 
(MMPs) from trabecular cells comprising contacting the cells with a substance 
selected from the group consisting of TPA, basic heparin-binding growth factor, 
nerve growth factor, Interleukin-1, Interleukin-6, and combinations thereof. 
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